ABSTRACT Background: To date, many approaches have been used to define eating occasions (EOs). A standard definition for EOs is required to facilitate further research. Objective: In this study, we examined the influence of differing definitions of EOs on the characterization of eating patterns. Design: Cross-sectional dietary data from two 24-h recalls collected during the 2011-12 Australian National Nutrition and Physical Activity Survey (n = 5242 adults, aged $19 y) were analyzed. Eight definitions were applied: participant-identified, time-of-day, and 6 neutral definitions (individual EOs separated by different time intervals and/or an additional energy criterion of 210 kJ). Frequency of and total energy intake from meals, snacks, and all EOs were estimated, as appropriate. Differences were tested by using F tests, stratified by sex and age group. Agreement between different definitions of meal and snack frequencies was assessed by using intraclass correlation coefficients (ICCs). For each definition, linear regression was used to estimate the proportion of variance in total energy intake (kJ) and amount of food intake (g) predicted by frequency of EOs and meals and snacks. Results: Among both sexes and across all age groups, mean frequencies of meals differed between the participant-identified and time-ofday definitions (mean difference range = 0.1-0.3; P , 0.001). There were statistically significant differences between mean frequencies of EOs across the 6 neutral definitions (P , 0.001). There was good agreement for snacks (men: ICC = 0.89; women: ICC = 0.87) but not meal frequencies (men: ICC = 0.38; women: ICC = 0.36) between the participant-identified and time-of-day definitions. The neutral definition (15-min time interval plus energy criterion) best predicted variance in total energy intake (R 2 range = 19.3-27.8). Conclusions: Different approaches to the definition of EOs affect how eating patterns are characterized, with the neutral definition best predicting variance in total energy intake. Further research that examines how different EO definitions affect associations with health outcomes is needed to develop consensus on a standard EO definition.
INTRODUCTION
There is growing evidence suggesting that eating patterns are important determinants of diet quality, energy and nutrient intakes, and cardiometabolic health (1) (2) (3) . However, although skipping breakfast has been inversely associated with diet quality (4) (5) (6) (7) (8) (9) and prospectively associated with poor cardiometabolic health outcomes (10) (11) (12) (13) , evidence for other types of eating patterns has been less consistent (1, 2, (12) (13) (14) (15) (16) (17) . A possible reason for this inconsistency is the diversity of approaches used to define an eating occasion (EO) (18) . This heterogeneity is a major impediment to the interpretation of findings across studies (1, 2, (18) (19) (20) , because the definition of an EO, be it a meal, snack, or any occasion where food and/or beverage is consumed, may affect how eating patterns are characterized in terms of frequency, spacing, and timing. Differences in eating pattern characterization may affect the direction and magnitude of associations with diet quality and health outcomes. However, this issue has received little attention (1) .
Some researchers have defined meals and snacks separately (21) (22) (23) (24) (25) (26) , whereas others have assessed individual EOs (16, (26) (27) (28) , a neutral term that encompasses both meals and snacks. For example, a participant-identified approach (22, 24, 26) asks participants to identify each EO as a meal or snack, whereas the time-of-day approach (23, 29, 30) delineates meals and snacks according to the time of day in which the EO occurs. When defining EOs, there is a lack of consensus around what constitutes an individual EO, with different time intervals (e.g., 15, 30, 45 , and 60 min) often used to separate EOs from the surrounding EOs (22, 25, 28, 31) . In addition to a time interval, Gibney and Wolever (32) proposed that an EO should also contain a minimum energy content of 210 kJ (50 kcal), and this criterion has been adopted in many subsequent studies (14, 31, 33) .
The importance of EO definition choice was highlighted in a recent study that examined associations between overall eating frequency and measures of adiposity (14) . Murakami and Livingstone (14) reported that applying a minimum energy criterion of 210 kJ, compared with no energy criterion, significantly reduced the number of reported EOs per day and strengthened associations between eating frequency and BMI and waist circumference. This suggests that methodologic differences in defining a single EO affect both eating pattern characterization and associations with health outcomes. A clear and objective definition of a "meal" and a "snack" is also crucial for understanding how different EO types affect diet quality and health outcomes. Methodologic differences in the definition of meals and/or snacks may result in classification differences (1) . That is, time-of-day vs. participant-identified approaches may yield different eating patterns for persons who eat outside of conventional mealtimes. Although many definitions are available to characterize eating patterns, evidence to guide which definition to use is currently lacking (18) . Therefore, the aim of this study was to compare different EO definitions with the characterization of eating patterns by using nationally representative data on Australian adults.
METHODS

Sample and study design
Data for this study were drawn from the 2011-12 Australian National Nutrition and Physical Activity Survey, a crosssectional, nationally representative survey conducted by the Australian Bureau of Statistics. The survey, which used a multistage, stratified-area, probability sampling design, sampled householders in private dwellings in 8 states and territories of Australia. The final responding sample included 12,153 respondents aged $2 y (77% response rate), of whom 9341 were adults aged $19 y. Person-specific weights, adjusted for probability of selection and nonresponse, were used to provide estimates relating to the whole population. Detailed information on the method of the survey has been published previously (34) . Ethics approval for the Australian Bureau of Statistics to conduct household interview components of health surveys was provided by the Census and Statistics Act of 1905 (34) .
Dietary assessment
Dietary intake was assessed during two 24-h recalls via a computer-assisted personal interview and a computer-assisted telephone interview. The computer-assisted telephone interview was completed on a different day, approximately 9 d after the computer-assisted personal interview, by 65% (n = 6053) of the 9341 adult respondents. The dietary recalls were conducted across all days of the week and all months of the year and used the USDA Research Service 5-pass dietary recall method (35) . Information on respondents' EOs were collected during each 24-h recall. Respondents were asked to name the type of EO and the time of day when the EO commenced. Response options for EO type included breakfast, brunch, lunch, dinner, supper, snack, morning tea, afternoon tea, drink/beverage, extended consumption, other, and don't know/not determined. Each food and beverage reported in the 24-h recall was uniquely coded, and energy intakes were calculated from the Australian Supplement and Nutrient Database 2011-13, developed by the Food Standards Australia New Zealand. Dietary information was averaged across the 2 d of recall to obtain mean estimates of energy intake and eating patterns.
EO definitions
Eight definitions, based on previously published definitions (14, 22, 23, 26, 29, 30, 32, 33) , were applied and are summarized in Table 1 . These approaches were broadly categorized as either 1) definitions that delineate meals and snacks (participant identified and time of day) (22, 26, 29, 30) or 2) definitions that only delineate individual EOs (neutral) (14, 28, 32, 33) . For all EO definitions, beverages (except plain drinking water) consumed in the absence of food could also constitute an individual EO.
Classifying meals and snacks
For the participant-identified definition, EOs reported by respondents in the 24-h recall as breakfast, brunch, lunch, dinner, and supper were considered meals, and EOs reported as a snack, morning tea, afternoon tea, and beverage/break were considered snacks. EOs reported as "extended consumption" and "other" (including "other" and "don't know/not determined") were considered meals and snacks if they occurred #15 min after a meal or snack EO, respectively, because it was inferred that this EO was a continuation of the preceding EO. For the time-of-day definition, a meal was defined as the largest EO (in terms of energy, kJ) occurring between 0600 and 1000 h, 1200 and 1500 h, and 1700 and 2100 h. All other EOs occurring within these times and any EOs occurring outside of these times were considered snacks. During data cleaning, it was found that some respondents (n = 524) reported 2 different types of EOs at the same clock time (e.g., lunch and snack EOs were both reported at 1400 h). Therefore, a standardized and consistent approach to data cleaning, adapted from previous research, was applied to both the participant-identified and time-of-day definitions (26, 36) . Where respondents reported a meal and a snack EO at the same clock time, all foods reported as the snack EO were recoded to the meal EO, unless the respondent had already reported that same meal EO earlier in the day, in which case the meal EO was recoded to the snack EO. Where foods/beverages consumed as extended consumption or other were reported at the same time as a meal or snack, all foods reported at this EO were recoded to the respective meal or snack EO. Where respondents also reported eating multiple snacks or multiple meals close together in time, all foods and beverages pertaining to the same EO type consumed #15 min of each other were combined, consistent with the published literature (22, 26) .
Six variations of the neutral definition of an EO were applied (Table 1) . For the first 3 variations, an EO was defined as any occasion where food and/or beverages were consumed with all EOs separated in time from the preceding and succeeding EO by 15, 30, and 60 min, respectively, classing as an individual or separate EO. Where multiple EOs occurred #15, #30, and #60 min of each other, respectively, these were also combined as a single EO. For the final 3 variations of the neutral definition, an energy criterion of 210 kJ [as per Gibney and Wolever (32) ] was applied in addition to the time intervals of 15, 30, and 60 min. For example, an EO had to contain a minimum of 210 kJ and be separated in time from the preceding and succeeding EOs by at least 15, 30, and 60 min, respectively.
Eating pattern variables
For the participant-identified and time-of-day definitions, the mean total frequency of meals and snacks, the mean total energy intake (kJ) from meals and snacks, and the mean total energy intake per meal and snack were calculated. For the neutral definitions, the mean total frequency of all EOs, the mean total energy intake (kJ) from all EOs, and the mean total energy intake per EO were calculated. To estimate the mean total frequency and mean total energy intake from EOs containing beverages only, we grouped all items reported in the 24-h recalls into beverage and nonbeverage items by using the Food Standards Australia New Zealand 8-digit food grouping codes that uniquely identify each food. For respondents, where $2 foods/beverages were combined just before eating, a combination code from Food Standards Australia New Zealand was used to identify and group foods consumed as a beverage (e.g., sugar added to tea or coffee) or as food (e.g., milk added to breakfast cereal). The clock time of when each EO commenced was used to calculate the mean time (minutes) between EOs. Therefore, estimates of spacing between EOs did not account for the duration of the EO.
Sociodemographics
Respondents' sex and age, the highest level of education, and country of birth were requested in the household survey. Age was categorized into the following age groups, consistent with the age groups outlined in the Nutrient Reference Values for Australian adults (37): 19-30, 31-50, 51-70, and $71 y. Educational level was categorized as low (completed some high school or less), medium (completed high school or completed some high school and/or certificate/diploma), or high (having a tertiary qualification). Country of birth was categorized by the Australian Bureau of Statistics as Australia, other main Englishspeaking countries, and all other countries.
Analytic sample
Adults aged $19 y who completed two 24-h recalls (n = 3288 excluded) and were not pregnant, breastfeeding, or undertaking shiftwork in the past 4 mo (n = 687 excluded) were eligible for inclusion in the present study (n = 5366). Eight participants reported consuming only water during one of the 24-h recalls and were excluded from the analysis. After the recoding of EO variables, 116 respondents who had remaining EOs that either were not identified as a meal/snack (e.g., individual EOs reported as other, don't know, or extended consumption) or were missing the time at which an EO commenced were also excluded from the analysis. After exclusions (n = 4099), the final analytic sample was 5242 adults (2402 men and 2840 women).
Statistical analyses
All analyses were conducted with Stata 13 (StataCorp LP) and were stratified by sex and age group. Point estimates were derived by using the appropriate person weights, and replicate weights were applied to compute jackknife SEs to account for the clustered survey design. Descriptive statistics for sociodemographic and meal pattern variables are presented as weighted proportions or weighted means 6 SDs. The F test (TEST command) was used to determine differences between EO definitions, and the Bonferroni correction (with a set at 0.05) was used to account for multiple testing across .2 EO definitions. Intraclass correlation coefficients (ICCs) were used to assess the agreement between the absolute frequency of meal and snack EOs between the participant-identified and time-of-day definitions. Separate multiple linear regression models were used to determine the proportion of variance (model-adjusted R 2 value) in total energy intake (kJ) and total amount of food/beverage intake (g) predicted by the total meal and snack (both variables entered simultaneously in the model) and total EO frequency, calculated for each definition. The total energy intake and amount of food/beverage intake outcome variables were logtransformed before the regression analysis because they were positively skewed. For all analyses, P , 0.01 was considered statistically significant.
RESULTS
The sociodemographic characteristics of National Nutrition and Physical Activity Survey participants who completed two 24-h recalls, by sex, are presented in Table 2 . Men were more highly represented than women in the medium education level category (P , 0.001), and a higher proportion of women were in the .70-y age group (P , 0.001) and the low-educational level category (P , 0.001).
The mean frequency of meals and snacks differed significantly (P , 0.001) after applying the participant-identified vs. the time-ofday definition among both men and women, across all age groups ( Table 3 ). There were small but significant differences in total energy intake from meals and from snacks when applying the participant-identified definition vs. the time-of-day definition (Table  3) . When applying the participant-identified approach, total energy intake was higher from meals and lower from snacks, but this difference was not significant across all age groups (P . 0.01). There were also few significant differences in the mean total energy intake per meal and per snack between these 2 definitions. There was good agreement in the frequency of snacks The total EO frequency, total beverage-only EO frequency, mean time between EOs, total energy intake per EO, and total energy intake from beverage-only EOs for the 6 variations of the neutral definitions are presented in Table 4 . In general, EO frequency (including beverage-only EO frequency) decreased, and time between EOs, total energy intake per EO, and total energy intake from beverage-only EOs increased with increasing time interval used to delineate EOs (P , 0.01). Within each time interval, applying a minimum energy criterion also had a similar effect.
Among both sexes and across all age groups, the highest proportion of variance of total energy intake was predicted by the 15-min plus minimum 210-kJ neutral definition (R 2 range = 19.3-27.8; Table 5 ). The results were less consistent for total amount of food/beverage intake. The highest R 2 values were observed for the 15 
DISCUSSION
This study objectively examined the influence of 8 different EO definitions, based on previously published definitions, on the characterization of eating patterns among a nationally representative sample of Australian adults. To our knowledge, this is the first methodologic study among adults to objectively examine multiple definitions on the characterization of a variety of different eating patterns and examining the extent to which they predict the proportion of variance in total energy intake and total amount of food consumed.
There were small but significant differences in the characterization (e.g., frequency, spacing, and total energy intake) of eating patterns between the participant-identified and the time-ofday definition and across the 6 variations of the neutral definition. Among both sexes and across all age groups, the neutral definition with a 15-min time interval plus a 210-kJ energy criterion best predicted variance in total energy intake. The findings were less consistent when total amount of food/beverage intake was predicted, but both the 15-min time interval plus a 210-kJ energy criterion definition and the participant-identified definition performed well. In support of these findings, Murakami and Livingstone (14) observed that, among British men and women, the correlation between overall eating frequency and total energy intake was strongest for a neutral definition with a 15-min time interval and a 210-kJ energy criterion. The second strongest correlation was observed for a neutral definition that included all energy-containing EOs followed by a neutral definition that included all EOs, with both definitions similarly employing a 15-min time interval (14) . Moreover, in the same study, EO frequency determined by the 15-min time interval plus 210-kJ definition showed the strongest association with BMI and waist circumference (14) . Together, this suggests that a 15-min time interval plus an energy criterion definition may be an appropriate choice for use in eating patterns research. This neutral definition, however, would require additional criteria to delineate meals from snacks and is an area for future research (18) .
In the present study, the frequency of snacks determined using the time-of-day definition (range: 2.4-3.0) is higher than the frequency reported in a nationally representative sample of Brazilian adults (range: 1.4-1.5). Although the study by Duffey et al. (30) also adopted a similar time-of-day definition, differences between the reported frequency may be due to cultural differences in snacking behaviors between Australia and Brazil. Indeed, in a study of US older adults (aged $65 y) that applied a similar participant-identified approach, mean 6 SD snacking frequency was 2.54 6 0.13, within the range (2.3-2.9) of the present study (38) .
These findings are consistent with a previous study of British adults that observed a lower overall EO frequency (men: 7.2-5.6; women: 6.7-4.8) after applying a 210-kJ energy criterion (14) . In a study of US adults, de Castro (39) also noted differences in the total energy intake from macronutrients at different times of the day when applying 5 different definitions that employed time intervals of 15, 45, and 90 min plus an energy criterion of 209 kJ, 418 kJ, or 837 kJ. Although this observation was noted in the method of that study, only results for the 45-min plus 209-kJ definition were reported because the patterns of results did not differ in terms of the energy distribution across the day. However, quantitative differences in eating pattern variables such as overall EO frequency and meal and/or snack frequency that result from differences in EO definition approaches may help explain the difference in the strength and significance of associations between eating patterns, diet quality, and health outcomes across studies. In this study, mean frequency of meals and mean total energy intakes from meals were significantly higher for the participantidentified definition than for the time-of-day definition. Snack frequency and total energy intake from snacks were also lower for the participant-identified definition. There was also good agreement for snack but not meal frequency between the time-of-day definition and the participant-identified definition. Possible explanations for the poor agreement for meals could be that the fixed time frames employed by the time-of-day definition constrain the total number of meals to 3 and may not cater to persons who consume meals outside of conventional mealtimes. These time frames are also researcher driven and may introduce researcher bias, limiting comparison across studies (particularly across different countries or cultural groups). For the participant-identified definition, the researcher must also decide how to treat EOs that are not clearly defined as a meal or a snack (e.g., extended consumption) and whether meals or snacks occurring close together in time should be combined by using additional time criteria. These issues highlight the need for a standardized EO definition.
After applying 6 variations of the neutral definition, this study found significant differences in the characterization of all eating pattern variables examined (EO frequency, beverage-only EO frequency, spacing between EOs, total energy intake per EO, and total energy intake from beverage-only EOs). Irrespective of the time interval employed, applying a minimum energy criterion of 210 kJ reduced the total number of all EOs, total number of beverage-only EOs, and time between EOs and increased the reported energy intake per EO. This might be expected because application of an energy criterion of this amount would exclude any EOs containing only beverages or foods with very low or no kJ content (e.g., tea with milk). However, it is unclear how a 210-kJ energy criterion was established (32) and whether this value is the most appropriate choice for defining EOs.
One limitation of this study was that eating patterns were derived from two 24-h recalls. More recall days may be needed to better understand the variability in adults' eating patterns. Eating patterns are also shaped by age and cultural factors (40, 41) , and although eating patterns may vary, the definitions used in this study may or may not be applicable despite different ages and cultures. Therefore, research in children and populations with different ethnic backgrounds is required. It is also unclear whether total energy intake and total amount of food/beverage intake are adequate performance indicators of EO definitions. However, how well an EO definition captures these indicators is also likely to affect how well it captures people's dietary and energy-balance profiles (42) . A major strength of the present study was that it objectively compared 8 EO definitions, based on previously published works, among a nationally representative sample of Australian adults, stratified by sex and age group. An important next step will be to examine associations with indicators of diet quality and health.
In conclusion, the choice of EO definition significantly influences how eating patterns are characterized, with a 15-min time interval plus 210-kJ energy criterion definition best predicting variance in total energy intake and total amount of food/ beverage consumed, suggesting that this definition may be an appropriate choice for use in eating patterns research. For research that differentiates meals from snacks, consensus is needed on whether a participant-identified approach or a time-of-day approach is more appropriate. This study found significant differences in some aspects of eating patterns (frequency of and total energy intake from meals and snacks) between these 2 approaches but little difference in their prediction of variance in total energy intake and amount of food/beverage consumed. Future research that examines how different EO definitions affect associations with outcomes such as diet quality and cardiometabolic health is required.
The authors' responsibilities were as follows-RML, AW, AT, and SAM: designed the research and read and approved the final manuscript; and RML: analyzed the data, wrote the manuscript, and had primary responsibility for the final content. The authors declared no potential conflicts of interest. The funding bodies had no role in the analysis or preparation of the manuscript.
